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Abstract
Parabens are used to prevent bacterial growth and are commonly found in cosmetics
and personal care products. The structure of parabens is similar to estrogen and can cause
increased estrogen activity which unfortunately has been linked to breast cancer. Parabens
are endocrine disrupting compounds, which means they disrupt many hormone-regulated
systems and could contribute to immune dysfunctions, reproductive disorders, birth
defects, or developmental and behavioral disorders. One example of an effect on the
immune system is that estrogen regulates CD4 T cell differentiation during pregnancy to
induce anti-inflammatory Th2 and Treg phenotypes and reduce the differentiation of
inflammatory Th1 and Th17 phenotypes. However, parabens also skew Th2 and Treg
phenotypes in the absence of pregnancy and this inhibits the induction of strong anti-tumor
immune responses. Therefore, safer antimicrobial products are needed. Gallate esters have
similar antimicrobial activity as parabens, but their structure differs so that they do not
mimic estrogen and may not have endocrine disrupting effects. In this project, we
determined if gallate esters affected CD4 T cell differentiation. Gallate esters with different
carbon chain lengths were directly compared to also determine if the size of the carbon
chain altered their activity. Murine CD4 T cells were cultured with gallate esters with 1-8,
10, and 12 carbon chain lengths, methyl- and butylparaben, estrogen, or DMSO. While
estrogen and parabens skewed T cell differentiation towards anti-inflammatory Th2 and
Treg phenotypes as measured by cytokine secretion and gene expression of transcription
factors, the gallate esters did not alter CD4 T cell differentiation. Therefore, use of gallate
esters as antimicrobial agents instead of parabens may be a safer option due to their reduced
effects on the immune response.
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Introduction
Parabens are antimicrobial substances that are widely used in cosmetics, food, and
pharmaceutical products. In 2011, there was a study conducted on 5,416 cosmetic
products and it was found that parabens were in 66%-87% of women’s cosmetic products
that were tested.1 Parabens are permitted to be used in food preservatives up to a
concentration of 0.1% and in cosmetics up to 1%.2 Parabens have antimicrobial effects
because they disrupt the lipid bilayer of bacteria, causing them to no longer be able to
function properly. It is even speculated that the parabens cause holes in the bilayer,
causing the contents inside the bacteria to spill out, effectively killing them.1 Parabens are
often found in lower concentrations but with multiple different types of parabens, most
commonly a mixture of methyl and ethyl parabens.1
In Table 1, several different structures of parabens are shown, and each structure
differs by the carbon chain lengths. Longer carbon chains on the paraben lead to a
stronger antimicrobial effect, meaning it can better prevent bacteria from growing.2
Additionally, as the carbon chain length increases, the solubility of parabens in water
decreases and the solubility in oil increases. This causes the most common parabens
found in products to be the lower alkyl chains, since they are more water soluble.3
However, the structure of parabens is similar to estrogen, and parabens may mimic
estrogen activity due to the similarity in chemical structure (Table 1).
Estrogen is a group of hormones that play roles in sexual and reproductive
development in women. They regulate the menstrual cycle and can affect different parts
of the body such as breasts, bones, hair, blood vessels, and the heart.4 The main location
to find estrogen is in the ovaries of a woman, but it can also be found in fat tissue and
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adrenal glands for both genders.5 One kind of estrogen that is important, and has the
strongest physiological effects of the three types of estrogen, is estradiol. This hormone
mainly starts the maturing process in the female body, along with long-term maintenance
of the reproductive system.5 Specifically during the menstrual period, estradiol causes an
egg to mature in the ovaries, while simultaneously thickening the uterine lining to prepare
for the possible fertilized egg to implant.5 Since estrogen controls many processes within
women, and some within men, the activity of estrogen needs to be tightly regulated so as
to not harm to human body.
Due to their similar structures, parabens have estrogenic activity and can mimic
estrogen, or attach to the estrogen receptor. Parabens have a lower binding affinity to the
receptor than estrogen4, but there are still questions as to how well parabens can actually
activate the estrogen receptor. It is suggested that parabens are cancer-inducing
xenoestrogenic agents. When human breast cancer cells were exposed to parabens, the
parabens showed proliferative effects. In addition, in 160 biopsies taken of breast cancer
tissues from 40 different patients, there were relatively high levels of different kinds of
parabens in those tissues.6 This suggests that parabens may be linked with breast cancer
and further research is being conducted.
Parabens have been reviewed by the Endocrine Society and have been determined
to be potential endocrine-disrupting compounds (EDC). This means that in addition to
their contribution to cancer formation, parabens could also potentially cause modulations
of the endocrine system, which in turn could cause reproductive disorders, birth defects,
developmental and behavioral disorders, or immune dysfunction.6,7,8 The immune system
has many cells that help to fight off a pathogen, one of those being CD4 T cells. These
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cells help B cells make antibodies, enhance and maintain responses of CD8 T cells, and
regulate macrophage function. CD4 T cells are important regulators of the immune
response, and if there is a lack of these cells, the human body is more susceptible to
infections.9
Once activated, CD4 T cells differentiate to have different functions and phenotypes.
The differentiation process starts when a pathogen infects the host, alerting the immune
system. Antigen-presenting cells (APCs), such as dendritic cells (DCs), macrophages,
and B cells, recognize and respond to the specific pathogen and secrete the necessary
cytokines to start T cell differentiation.10,11,12 Four of the major differentiation states of
CD4 T cells are Th1, Th2, Treg, and Th17 cells. Th1 cells attack intracellular pathogens,
secrete cytokines such as IFN-γ, IL-2, and TNF-α, and express the main transcription
factor Tbet. Th2 cells are protective against extracellular pathogens, like helminths and
extracellular bacteria, secrete cytokines such as IL-4, IL-5, and IL-13, and express the
transcription factor GATA3.9,10,13,14,15 Th17 cells play a role in clearing extracellular
bacterial infections, inflammation and autoimmunity, often secreting IL-17, and their
main transcription factor is RORγT.10,16 Treg cells are known to suppress autoimmune
responses and antitumor immunity and express the transcription factor Foxp3.10,16,17
During an immune response, it is essential that the correct type of CD4 T cell is activated
to effectively clear a pathogen.
Not only are CD4 T cells affected by cytokines and pathogens, but estrogen can also
have an effect on them as well. It has been shown that for Th1 cells, the expression of
IFNγ is increased after exposure to estrogen in humans and mice, which it is suggested
could be due to the upregulation of Tbet, the transcription factor of Th1.18,19 When Th2
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cells are exposed to estrogen, IL-4 secretion and expression of GATA-3 is often
increased or is not affected.18 Sometimes, especially when women get older, the
concentration of physiologic concentration of estrogen decreases. This effects the
immune system by causing the increased production of IL-17 cytokine, through increased
activation of Th17 cells, to be increased.18 During a women’s menstrual cycle, Treg
concentrations fluctuate frequently, but the highest concentration is during ovulation,
which is concurrent with the peak amount of estrogen. The expression of Foxp3, the
master transcription factor for Treg, increases as well, concurrently increasing Treg
concentration. This suggests that estrogen may be a factor in Treg expansion. It has also
been shown that activation of the estrogen receptor increases Treg proliferation and
suppression of functions. Much of the function and concentration of Tregs are connected
with pregnancy and ensuring a women’s immune response does not reject the fetus, and
to certain reproductive diseases as well, such as endometriosis, pre-eclampsia, and
recurrent spontaneous abortion.17 Thus, this provides evidence that estrogen and
differentiation of CD4 T cells have a direct relationship.
In addition to their role in immunity to pathogens, CD4 T cells are also important for
regulating many physiological processes, including pregnancy, and estrogen may play a
role in regulating their activity during pregnancy. At the beginning of a pregnancy,
starting just days after conception, Th1 inflammatory immune responses are important for
the tissue development of the fetus, along with the development of new blood vessels.12
However, in excess, Th1 cells have been associated with recurrent pregnancy loss and
preeclampsia (PE).12 Later in pregnancy Th2 cells then become the predominant immune
response, secreting cytokines such as IL-4 and IL-14 to suppress the expansion of Th1

Cervantes 11
and Th17 cells. Th2 cells are more involved in inducing issues during pregnancy, such as
either causing autoimmunity or allowing for the contraction of multiple viral infections.
However, Th2 cells are important in protecting the fetus from potential infections.12,20
The shift between Th1 and Th2 cells is very important and it contributes in many ways to
determine whether the pregnancy is successful.
Th17 cells are a pro-inflammatory, just like Th1, and help to protect the uterus from
bacterial infections. Just as Th1 cells are associated with PE, high levels of Th17 and its
cytokine, IL-17A, have been found to also be associated with PE, showing that PE favors
proinflammatory immune responses.12,20,21,22 Tregs are present in lower numbers in the
immune system, making up only 5% of CD4 T cells in humans.22,24 Tregs have been
shown to prevent the proliferation of other CD4 T cells, cytotoxic activity of NK cells,
and maturation of dendritic cells21, causing the host to be more susceptible to infections.
They have also been connected to unexplained recurrent pregnancy loss (uRPL) when
they occur at a lower concentration than Th17 cells.12 These findings suggest that the
delicate balance between Th17 and Treg immunity during a pregnancy may also
contribute to the fate of the fetus.
CD4 T cells also play an important role in regulating tumor development and immune
responses to cancer. Tregs are also abundant in breast cancers compared to normal breast
tissue, suggesting that Tregs contribute to the natural progression of cancer through
inhibition of host anti-tumor immune responses.23,25 In the tumor microenvironment,
Tregs secrete inhibitory cytokines, IL-10 and TGF-β to reduce proliferation of CD4 T
cells, which causes the body to shift toward pro-tumor responses (Th2 and Treg) rather
than anti-tumor immune responses (Th1 and Th17).23,26 Estrogen can also contribute to
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cancer development by inducing myeloid-derived suppressor cells (MDSCs) which are
linked to progression of ovarian cancer.27 Another T cell that can contribute to cancer
progression are Th2 cells. These cells, like Tregs, are activated for anti-inflammatory
immune responses. When a tumor grows, the body typically sends inflammatory
responses, such as Th1 and Th17 cells, to show where the tumor is located in the body
and initiate an immune response to destroy the tumor. Th2 cells prevent this mechanism
by secreting IL-4 and IL-10, which can inhibit the inflammatory responses, thus
preventing the immediate immune response.15 IL-4 also inhibits the cell process of
apoptosis, or programmed cell death, which can promote tumor growth. This inhibition
was shown in in vitro experiments on prostate, breast, and bladder cancers, providing
evidence that IL-4 creates higher expression of genes that prevent apoptosis from
occurring.11 Apoptosis is a key mechanism for chemotherapy, but IL-4, if secreted, can
prevent chemotherapy from functioning properly.11 Tregs and Th2 cells have now been
shown to help promote tumor growth and help it to evade the immune system.
While the role of estrogen on regulating T cell activity is relatively well-understood,
the effect of parabens on T cell differentiation is still unclear. There has been some
evidence that shows that parabens, specifically two and three carbon chains, suppress Th1
activation and T cell proliferation, and skew Th2 activation.28 Besides increased
activation, endocrine-disrupting compounds (EDCs) have been shown to cause
differentiation of Th17 cells, including inducing their expression of their differentiating
cytokines, such as IL-6 and IL-23.29 Th17 cells and Tregs often have an inverse
relationship, and that can be shown when EDCs, such a parabens, interact with Tregs.
The population of Tregs is increased when EDCs are present, indicating that the immune
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response moves more towards anti-inflammatory responses.30 With this little evidence
than can be found, more information is necessary to determine how parabens cause
differentiation of T cells and expression of their corresponding transcription factors.
Since parabens are possible cancer-inducing chemicals and can also alter natural
physiological processes, there has been much research performed on how to prevent the
effects that parabens have on cancer, such as causing more growth, preventing immune
responses, etc.6 Parabens have been modified to include additional substituents, changing
the structure of the chemical just enough to have it not activate the estrogen receptor but
still maintain its anti-microbial activity. As seen in Table1, parabens, ester parabens, and
estrogen all have a similar structure, but the ester parabens contain substituents that cause
the compound to not mimic estrogen yet still have antimicrobial effects. In substituted
parabens, the increase in length of the alkyl chain is correlated with increased
antimicrobial activity, just like in normal parabens.6 In a study performed in mice, it was
also shown that as the length of the alkyl chain increased, so did the estrogenic activity
that the parabens exhibited.31 The difference is that substituted parabens have no, or
significantly decreased, potential to have the properties to cause breast cancer.13 Thus the
substituted parabens may be safer alternatives to include as anti-microbial compounds in
personal care and other products.
Since gallate esters are different than parabens in structure, but have the same
antimicrobial functions, it is important to study if their biological effects are different.
The carbon chain lengths of parabens and gallate esters contribute to their antimicrobial
effectiveness and the safety of the products. Gallate esters with longer carbon lengths
proved to be more antimicrobial than that of normal parabens.27 Gallate esters were found

Cervantes 14
to be the safest substance, compared to common commercial preservatives, in
antimicrobial and antifungal activity.27 Thus, gallate esters may be safe for human use
and could be used as an alternative to traditional parabens. However, the effect of
substituted parabens, including the gallate esters, on T cells has not been evaluated.
Therefore, it is important to provide more evidence on the relationship between
substituted parabens (gallate esters) and T cell differentiation to determine if these
compounds could be a safer alternative to parabens.
While it is clear that estrogen influences CD4 T cell differentiation, there is still little
evidence about how parabens and substituted parabens alter T cell immunity. This
provides evidence to support research with gallate esters to determine if they affect T cell
differentiation and if they can possibly help to protect against cancer development by
preventing changes in CD4 T cell differentiation to immunosuppressive phenotypes. In
addition, current studies have only tested one or two esters, but a direct comparison of the
biological effects of differing carbon lengths in the gallate esters has not been performed.
Therefore, the aims of this research are to determine whether gallate esters have an
influence on CD4 T cell differentiation compared to that of estrogen and parabens and if
alkyl chain length of the gallate esters are correlated with CD4 T cell differentiation.
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Methods
Cell Stimulation
Frozen naïve CD4 T cells (2 x 106 cells) from C57BL/6 mice were stimulated for 7
days with stimulating anti-CD3 antibodies (1µg/mL) and anti-CD28 antibodies (0.5
µg/mL), 5ng/mL of IL-2, and cytokines IL-12, IL-4, IL-6, or TGF-beta to induce
differentiation of cells to Th1 (10ng/mL Il-12), Th2 (10ng/mL IL-4), Th17 (1ng/mL of
IL-6 and TGF-beta), or Treg (2ng/mL TGF-beta). This was done in triplicate in 96-well
plates in 37 °C with 5% CO2. Then, the CD4 T cells were stimulated with media (specific
skewing condition alone) or one of the following for 24 hours:
-

DMSO (dimethyl sulfoxide, negative control)

-

Estrogen (16 µg/mL and 8 µg/mL, positive control)

-

Gallate ester derivatives (one-eight, ten, and twelve carbons, 16 µg/mL and 8
µg/mL)

-

Methyl- and butyl-parabens (16 µg/mL and 8 µg/mL)

Cell Viability Assay
T cell viability was determined using the Lactate Dehydrogenase (LDH)
cytotoxicity assay 24 hours after stimulation with gallate esters or control compounds.
Cell death was measured by the amount of LDH found within the supernatant. The LDH
Cytotoxicity Assay Kit (Pierce) was used according to manufacturer’s instructions.
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Proliferation Assay
T cell proliferation was measured 24 hours after stimulation with gallate esters or
control compounds by using an MTT cell proliferation assay (Promega) according to
manufacturer’s instructions. Spectrophotometry was used in colorimetric assays to
determine the amount of cell proliferation that occurred.

Cytokine ELISAs
An enzyme-linked immunosorbent assay (ELISA) was used to quantify cytokine
secretion. After stimulation with gallate esters or control compounds, 24-hour cell-free
supernatants were analyzed for IFN-γ, IL-4, IL-17, or IL-10 cytokine secretion using an
ELISA assay (Biolegend), according to manufacturer’s instructions.

RT-PCR
RT-PCR (reverse transcriptase polymerase chain reaction) was used to measure
the expression of genes that will determine T cell subset differentiation. Using the SVTotal RNA Isolation System (Promega), RNA was isolated from the cells according to
manufacturer’s instructions. The RNA was used to create cDNA using the First Strand
cDNA synthesis Kit (New England BioLabs) according to manufacturer’s instructions
and 2ng of cDNA was used in each RT-PCR reaction. RT-PCR was used to analyze gene
expression of T-bet (specific for Th1), GATA3 (specific for Th2), ROR-γt (specific for
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Th17), and Foxp3 (specific for Treg) transcription factors. To normalize mRNA levels,
gene expression of β-actin was used. Primer sequences for RT-PCR are shown in Table 2.

Statistical Analysis
The samples were run in triplicate and T cells from three separate mice were
tested. Averages and standard deviations were calculated for each sample. Significant
differences between samples were determined using a two-tailed T-test. A p < 0.05 was
considered significant.
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Results
Estrogen regulates the immune system in part through altering CD4 T cell
differentiation. However, the effect of estrogen mimicking compounds, including
parabens and gallate esters, on CD4 T cells differentiation is still unclear. Therefore, the
effects of gallate esters and parabens on murine CD4 T cell differentiation was assessed.
Naïve murine CD4 T cells, Th1, Th2, Th17, and Treg cells were cultured with gallate
esters, methylparaben, butylparaben, estrogen, DMSO, and media. It was first determined
whether the gallate esters, parabens, and DMSO vehicle control alter T cell proliferation
or viability using MTT and LDH assays. T cell proliferation of CD4 T cells cultured with
gallate esters, parabens, estrogen, or DMSO was not statistically different when
compared to T cells cultured in media (Figure 1). Gallate esters and parabens also did not
significantly alter CD4 T cell viability (Figure 2). Therefore, presence of gallate esters
and parabens did not alter CD4 T cell proliferation and viability.
One of the effector functions of CD4 T cells is to secrete certain cytokines to
contribute to immune responses against a pathogen. These cytokine responses include
Th1 cells secreting IFNγ, Th2 cells secreting IL-4, Th17 cells secreting IL-17, and Treg
cells secreting IL-10. ELISAs were performed to determine the cytokine secretion when
the T cells were in the presence of gallate esters, parabens, estrogen, DMSO, or media.
Each T cell subset was also compared to naïve CD4 T cells (Th0) when in the presence of
these compounds. In Figure 3, IFNγ secretion was assessed in naïve T cells and Th1
differentiated cells. Addition of gallate esters to the cultures did not significantly alter
IFNγ secretion when compared to CD4 T cells cultured in media or DMSO vehicle
control. Parabens (methyl- and butyl paraben) and estrogen significantly decreased the
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secretion of IFNγ in both naïve T cells and Th1 cells. All the gallate esters decreased
secretion of IFNγ in Th1 cells a small amount, but not to the same level as the parabens
and estrogen. Therefore, while parabens decreased IFNγ secretion in Th1 cells in a
similar manner to estrogen, the gallate esters did not significantly alter IFNγ secretion. In
addition, regardless of carbon chain length, all of the gallate esters had similar effects on
IFNγ secretion.
Next, secretion of IL-17 was measured in naïve CD4 T cells and Th17 cells
(Figure 5). In both the naïve CD4 T cells and Th17 cells, IL-17 secretion was increased
by gallate ester stimulation. The parabens and estrogen showed a similar trend as Th1
cells where they decreased IL-17 secretion in both sets of cells. Therefore, similar to
IFNγ, parabens and estrogen decreased secretion of IL-17 in Th17 cells while the gallate
esters did not decrease Th17 secretion. Taken together, these data suggest that estrogens
and parabens inhibited skewing of pro-inflammatory CD4 T cell subsets (Th1 and Th17)
while gallate esters did not significantly alter the differentiation of these two CD4 T cell
subsets.
The effect of parabens and gallates esters on anti-inflammatory CD4 T cell
subsets, Th2 and Tregs, was also determined. As shown in Figure 6, the presence of
parabens and estrogen significantly increased the secretion of IL-4 in naïve CD4 T cells
and Th2 cells. However, the gallate esters did not increase the secretion of IL-4, which is
the opposite that was observed with parabens and estrogen. In Tregs, parabens and
estrogen also increased the secretion of IL-10, whereas the gallate esters did not (Figure
7). Therefore, presence of parabens and estrogen increased the differentiation of CD4 T
cells into anti-inflammatory subsets (Th2 and Treg) whereas the gallate esters did not
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increase these CD4 T cell subsets. Regardless of the length of the carbon chain, all gallate
esters tested had a similar effect on CD4 T cell differentiation.
To further determine if gallate esters and parabens influenced CD4 T cell
differentiation, gene expression of the master transcription factors regulating these T cell
subsets was analyzed using RT-PCR. Compared to CD4 T cells cultured in media,
expression of the Th1 cell transcription factor, Tbet, was significantly decreased when
naïve CD4 T cells and Th1 cells were exposed to parabens and estrogen (Figure 8).
Presence of the gallate esters did not significantly alter Tbet expression when compared
to CD4 T cells cultured in media. Similar results were also observed in Th17 cells as
well. Gene expression of Rorγt, the major transcription factor for Th17 cells, was also
decreased when T cells were cultured with parabens or estrogen. Similar to Th1 cells, the
gallate esters did not significantly alter gene expression of Rorγt. These gene expression
data correlate with the cytokine secretion data and suggest that while parabens and
estrogen inhibited the differentiation of CD4 T cells into Th1 and Th17 subsets, the
gallate esters did not inhibit these differentiation states.
Compared to the gene expression data in proinflammatory Th1 and Th17 subsets,
opposite effects were observed in anti-inflammatory Th2 and Treg cells. Parabens and
estrogen significantly increased the gene expression of GATA3, the major transcription
factor of Th2 cells, in both naïve CD4 T cells and Th2 cells (Figure 9). On the other
hand, the gallate esters showed no significant effect on the expression of GATA3. In Treg
cells, gene expression the major transcription factor Foxp3 was also significantly
increased when exposed to parabens and estrogen but was not altered when exposed to
gallate esters (Figure 10). Altogether, these data support the conclusion that parabens and
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estrogen increased the development of Th2 and Treg CD4 T cell phenotypes and
inhibited the differentiation of Th1 and Th17 cells. However, unlike parabens, gallate
esters did not significantly alter CD4 T cell differentiation.
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Discussion
Murine CD4 T cells were cultured with gallate esters, parabens, and estrogen to
determine if their cytokine function and gene expression is affected by these compounds.
It was found that gallate esters do not alter CD4 T cell differentiation or gene expression
as much as parabens and estrogen. Parabens and estrogen were found to alter T cell
differentiation by either blocking Th1 and Th17 or enhancing Th2 and Treg cytokine
expression and expression of transcription factors in CD4 T cells. Since parabens and
estrogen altered CD4 T cell differentiation and gallate esters did not, gallate esters may
be a safer alternative than parabens to prevent bacterial growth.
It was found that estrogen and parabens block cytokine production of proinflammatory cytokines (IFN-γ, IL17) in CD4 T cells. Another study also found the same
evidence in experiments on female mice that have experimental autoimmune
encephalomyelitis. When these mice were exposed to estradiol, it decreased the secretion
of the IFN-γ cytokine.32 On the contrary, one other study found that estrogen promotes
IFN-γ production in human and murine CD4 T cells.18,33 Estrogen was also shown to
enhance the secretion of IL-17 when estrogen is increased in wild-type mice or deficient
in postmenopausal women.18 It seems that the data regarding estrogen’s effect on IFN-γ
and Th17 production is controversial, which means more data collection would be
necessary to determine estrogen’s effect on expression of these cytokines and T cell
differentiation states. More research on parabens and gallate esters, specifically how the
parabens block expression of pro-inflammatory cytokines while the gallate esters seem to
either slightly inhibit or promote IFN-γ expression, is needed to determine how these
compounds may alter immunity.
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In regards to anti-inflammatory cytokines (IL-4, IL-10) it was found that estrogen
and the parabens promoted the expression of these cytokines. Other studies have also
seen similar results with Th2 cells. Many studies found that as the concentration of
estrogen increased, so did the concentration of IL-4.18, 32, 34 The same can be observed
when looking at IL-10 from Treg cells. IL-10 secretion either had a significant effect
when exposed to estrogen or no effect at all. 33, 34 Since there is some controversial data
regarding Treg cells and their cytokine secretion when exposed to estrogen, more data
would need to be collected to determine that estrogen in fact does have an effect on its
cytokine secretion and skewing of these CD4 T cell phenotypes. Furthermore, the data
from this study demonstrated that gallate esters do not promote the skewing of antiinflammatory Th2 and Treg phenotypes. Therefore, use of gallate esters in products may
be preferred since they may not skew immunity toward Th2 and Treg phenotypes.
RT-PCR assays were performed to assess gene expression of the CD4 T cells
when they are exposed to gallate esters, parabens, and estrogen. Both estrogen and
parabens altered gene expression in CD4 T cells. Specifically for the inflammatory genes
(Tbet, Rorγt), the RT-PCR data showed that estrogen and parabens prevented gene
expression for both of these genes, while gallate esters showed little to no change in their
expression. Tbet has also been shown in other studies to have reduced expression when
exposed to estrogen.35 For Th17 cells, their gene expression was also shown to be
inhibited when exposed to estradiol. This finding was tested on 15 postmenopausal
women, where high estradiol levels were correlated with low Rorγt gene expression.36
Because other studies have found the same data, it can be concluded that estrogen does in
fact prevent gene expression of Th1 and Th17 cytokines. Parabens exhibited similar
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effects as estrogen, but they don’t prevent gene expression as much as estrogen. On the
other hand, gallate esters did not significantly alter gene expression of the transcription
factors controlling differentiation into pro-inflammatory CD4 T cell subsets.
The anti-inflammatory genes (GATA3, Foxp3) had an opposite effect when
comparing to their inflammatory counter parts, as their expression was enhanced when
exposed to estrogen and parabens. In other studies, GATA3 and Foxp3 expression were
also shown to be induced when exposed to differing concentrations of estradiol.18, 35
While parabens showed similar trends as estrogen when the anti-inflammatory genes
were exposed to parabens, gallate esters did not have significant effects on the gene
expression of GATA3 and Foxp3. Taken together, these data suggest that gallate esters
may be safer choices than parabens due to their limited effect on immune cells. Gallate
esters may not interfere with the natural development of immune responses as much due
to their limited ability to alter estrogen receptor signaling. Future studies should continue
to investigate the activation of the estrogen receptor in CD4 T cells after exposure to
parabens and gallate esters.
This study also compared how carbon chain length of the gallate esters affects
CD4 T cell differentiation. Throughout all the testing that was performed: viability,
proliferation, ELISA, and RT-PCR, it was noted that the carbon chain length of the
gallate esters did not change the cytokine production and gene expression. The two
parabens that were tested, methyl- and butylparaben, also showed no significant
difference in carbon chain length throughout the testing. Therefore, the carbon chain
length did not significantly affect the biological activity of the gallate esters in these
assays.
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Future research should determine the effects that gallate esters, parabens, and
estrogen have on other immune cells, including dendritic cells, NK cells, and CD8 T
cells. A recent review paper looked at the effects of EDCs on the immune system and the
cells that we would like to further do testing on. For macrophages and monocytes, their
phagocytic activity was decreased when exposed to EDCs, which means that the body
would be less effective at detecting and targeting bacteria. When exposed to bisphenol A
(BPA), a similar EDC to parabens, neutrophils were shown to have decreased
performance of chemotaxis against Staphylococcus aureus, or the ability to kill bacteria
that they engulf. BPA has also shown to not only reduce the number T helper cells (Th)
and T regulatory (Treg) cells, but also dendritic cells (DCs). The effect of BPA on DCs
has even been shown that it helps differentiation of T cells towards Th2, similar to what
we was found in this study with parabens.37 Determining what their effects are on
estrogen receptor activation, differentiation, and function is important as it could help to
further provide evidence on the safety of gallate esters. The effect of other endocrine
disrupting compounds, such as bisphenol A (BPA), phthalates, phytoestrogens, and
others on the development of the immune response should also be investigated.
Based on the results of this research, it can be concluded that gallate esters may be
a safer alternative to parabens. Gallate esters did not have the same effects on CD4 T
cells as parabens, which suggested that gallate esters may not bind to the estrogen
receptor as well, or at all, compared to parabens. The gallate esters may also be safer
regarding human pregnancy as they do not seem to mimic estrogen, meaning less harmful
events would occur in pregnancy that are caused by too much estrogen or parabens.
Gallate esters also may not promote the growth of tumor cells because they do not skew
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the CD4 T cell immune response toward anti-inflammatory, tumor promoting Th2 and
Treg phenotypes. Therefore, gallate esters should be further developed as a safer paraben
alternative.
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Tables
Table 1. Molecule name, shorthand, and structure. CD4 T cells were exposed to the
following molecules.
Name

Shorthand

Methyl Gallate Ester

MeG

Ethyl Gallate Ester

EtG

Propyl Gallate Ester

PrG

Butyl Gallate Ester

BuG

Pentyl Gallate Ester

PnG

Hexyl Gallate Ester

HexG

Heptyl Gallate Ester

HeptG

Octyl Gallate Ester

OctG

Structure
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Decyl Gallate Ester

DecG

Dodecyl Gallate Ester

DodG

Estrogen

Est

DMSO

DMSO

Media

Med

The gallate esters were provided by Dr. Andrew Yeagley (Longwood University).
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Table 2. RT-PCR primer sequences used for each gene expression analysis. These
genes are the major regulatory transcription factors specific to one of the CD4 T cell
subsets.
Gene
β-actin
T-bet
GATA3
ROR-γt
FOXP3

Primers
Forward: 5’-GTGTGATGGTGGGAATGGGTCAGA-3’
Reverse: 5’-TACGACCAGAGGCATACAGGGACA-3’
Forward: 5’-AGCAAGGACGGCGAATGTT-3’
Reverse: 5’-GGGTGGACATATAAGCGGTTC-3’
Forward: 5’-CTCGGCCATTCGTACATGGAA-3’
Reverse: 5’-GGATACCTCTGCACCGTAGC-3’
Forward: 5’-GACCCACACCTCACAAATTGA-3’
Reverse: 5’-AGTAGGCCACATTACACTGCT-3’
Forward: 5’-CCCATCCCCAGGAGTCTTG-3’
Reverse: 5’-ACCATGACTAGGGGCACTGTA-3’
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Figure 1: T cell viability was not altered by the presence of gallate esters or
parabens. Naïve murine CD4 T cells (Th0), and CD4 T cells that were differentiated into
Th1, Th2, Th17, or Treg phenotypes, were cultured with gallate esters, parabens, estrogen,
DMSO, or media for seven days. T cell viability was determined by an LDH release
assay. The (A) Th0, (B) Th1, (C) Th2, (D) Th17 and (E) Treg cells did not have
significantly altered viability when cultured with gallate esters, parabens, or DMSO as
compared to media. Data are shown as averages, standard deviations of triplicates, and are
representative of data from three separate sets of T cells.

Cervantes 32

B

Th0

16/ug/ml

C

% proliferation
compared to media

100
75
50
25
0

8 ug/ml

100
75
50
25
0

MeG
EtG
PrG
BuG
PeG
HexG
HepG
OctG
DeG
DoG
MeP
BuP
Est
DMSO

16/ug/ml

8 ug/ml

% proliferation
compared to media

E

8 ug/ml

Th17
100
75
50
25
0

16/ug/ml

8 ug/ml

Treg
100
75
50
25
0
MeG
EtG
PrG
BuG
PeG
HexG
HepG
OctG
DeG
DoG
MeP
BuP
Est
DMSO

% proliferation
compared to media

100
75
50
25
0

D

Th2

16/ug/ml

Th1

% proliferation
compared to media

% proliferation
compared to media

A

16/ug/ml

8 ug/ml

Figure 2: T cell proliferation was not altered by the presence of gallate esters or
parabens. Naïve murine CD4 T cells (Th0), and CD4 T cells that were differentiated into
Th1, Th2, Th17, or Treg phenotypes, were cultured with gallate esters, parabens,
estrogen, DMSO, or media for seven days. T cell proliferation was determined by an
LDH release assay. The (A) Th0, (B) Th1, (C) Th2, (D) Th17 and (E) Treg cells did not
have significantly altered proliferation when cultured with gallate esters, parabens, or
DMSO as compared to media. Data are shown as averages, standard deviations of
triplicates, and are representative of data from three separate sets of T cells.
.
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Figure 3: Presence of gallate esters did not alter Th1 cell cytokine (IFNγ) release from
CD4 T cells. Naïve CD4 T cells (Th0) or Th1 cells were cultured with gallate esters,
parabens, estrogen, DMSO, or media and secretion of IFNγ was measured using an
ELISA. (A) In naïve T cells and (B) Th1 cells, IFNγ secretion was significantly decreased
in the presence of parabens and estrogen. Gallate esters did not significantly alter IFNγ
secretion compared to cells cultured in media in Th0 cells, but there was a small yet
significant decrease in IFNγ secretion in Th1 cells. Bars labeled with an asterisk (*)
indicate statistical significance (p<0.05). Data are shown as averages with standard
deviations of triplicates and are representative of data from three separate sets of T cells.
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Figure 4: Presence of gallate esters altered Th2 cell cytokine (IL-4) release from CD4 T
cells. Naïve CD4 T cells (Th0) or Th2 cells were cultured with gallate esters, parabens,
estrogen, DMSO, or media and secretion of IL-4 was measured using an ELISA. (A) In naïve
T cells and (B) Th2 cells, Il-4 secretion was significantly decreased in the presence of
parabens and estrogen. Gallate esters significantly altered IL-4 secretion in both sets of cells
by decreasing secretion of the cytokine by small amounts. Bars labeled with an asterisk (*)
indicate statistical significance (p<0.05). Data are shown as averages with standard deviations
of triplicates and are representative of data from three separate sets of T cells.
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Figure 5: Presence of gallate esters altered Th17 cell cytokine (IL-17) release
from CD4 T cells. Naïve CD4 T cells (Th0) or Th17 cells were cultured with gallate
esters, parabens, estrogen, DMSO, or media and secretion of IL-17 was measured
using an ELISA. (A) In naïve T cells and (B) Th17 cells, IL-17 secretion was
significantly decreased in the presence of parabens and estrogen. Gallate esters
significantly altered IL-17 secretion for both sets of cells by increasing cytokine
secretion. Bars labeled with an asterisk (*) indicate statistical significance (p<0.05).
Data are shown as averages with standard deviations of triplicates and are
representative of data from three separate sets of T cells.
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Figure 6: Presence of gallate esters did alter Treg cell cytokine (IL-10) release from
CD4 T cells. Naïve CD4 T cells (Th0) or Treg cells were cultured with gallate esters,
parabens, estrogen, DMSO, or media and secretion of IL-10 was measured using an
ELISA. (A) In naïve T cells and (B) Treg cells, IL-10 secretion was significantly
increased in the presence of parabens and estrogen. Gallate esters did not significantly
alter IL-10 secretion in Th0 cells, but did significantly decrease cytokine secretion in
Treg cells. Bars labeled with an asterisk (*) indicate statistical significance (p<0.05).
Data are shown as averages with standard deviations of triplicates and are representative
of data from three separate sets of T cells.
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Figure 7: Gene expression of Tbet was not affected by the presence of gallate
esters in naïve and Th1 T cells. Gene expression of Tbet was analyzed in murine
CD4 T cells cultured with gallate esters, parabens, estrogen, DMSO, and media using
RT-PCR. Tbet expression was significantly decreased in both (A) naïve Th0 cells and
(B) Th1 cells that were already differentiated. Expression of Tbet in CD4 T cells
cultured with gallate esters was not significantly different from T cells cultured in
media. Bars labeled with an asterisk (*) indicate statistical significance compared to
cells cultured in media (p<0.05). Data are shown as averages with standard deviations
of triplicates and are representative of data from two separate sets of T cells.
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Figure 8: Gene expression of GATA-3 was not affected by the presence of gallate
esters in naïve and Th2 T cells. Gene expression of GATA-3 was analyzed in murine
CD4 T cells cultured with gallate esters, parabens, estrogen, DMSO, and media using
RT-PCR. GATA-3 expression was significantly decreased in both (A) naïve Th0 cells
and (B) Th2 cells that were already differentiated. Expression of GATA-3 in CD4 T
cells cultured with gallate esters was not significantly different from T cells cultured in
media. Bars labeled with an asterisk (*) indicate statistical significance compared to
cells cultured in media (p<0.05). Data are shown as averages with standard deviations
of triplicates and are representative of data from two separate sets of T cells.
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Figure 9: Gene expression of RORγt was not affected by the presence of gallate
esters in naïve and Th17 T cells. Gene expression of RORγt was analyzed in murine
CD4 T cells cultured with gallate esters, parabens, estrogen, DMSO, and media using
RT-PCR. RORγt expression was significantly decreased in both (A) naïve Th0 cells
and (B) Th17 cells that were already differentiated. Expression of RORγt in CD4 T
cells cultured with gallate esters was not significantly different from T cells cultured
in media. Bars labeled with an asterisk (*) indicate statistical significance compared
to cells cultured in media (p<0.05). Data are shown as averages with standard
deviations of triplicates and are representative of data from two separate sets of T
cells.
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Figure 10: Gene expression of Foxp3 was not affected by the presence of gallate
esters in naïve and Treg T cells. Gene expression of Foxp3 was analyzed in murine
CD4 T cells cultured with gallate esters, parabens, estrogen, DMSO, and media using
RT-PCR. Foxp3 expression was significantly decreased in both (A) naïve Th0 cells
and (B) Treg cells that were already differentiated. Expression of Foxp3 in CD4 T
cells cultured with gallate esters was not significantly different from T cells cultured in
media. Bars labeled with an asterisk (*) indicate statistical significance compared to
cells cultured in media (p<0.05). Data are shown as averages with standard deviations
of triplicates, and are representative of data from two separate sets of T cells.
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